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[0001] The present invention claims the benefit of Korean Patent Application No. P2002- 
42973 filed in Korea on July 22, 2002, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] The present invention relates to a method and a display apparatus, and more 
particularly to a driving method and a liquid crystal display apparatus. 
DESCRIPTION OF THE RELATED ART 

[0003] A liquid crystal display device displays images by controlling light transmittance of 
a liquid crystal material using an electric field. The liquid crystal display device comprises 
a liquid crystal display panel having a pixel matrix and a drive circuit for driving the liquid 
crystal display panel. 

[0004] FIG. 1 is a block schematic diagram of a liquid crystal display device according to 
the related art. In FIG. 1, a liquid crystal display is connected to a system driver 1 installed 
in a computer system, and includes a graphic card 2 for supplying video data adapted to a 
liquid crystal display 3. The graphic card 2 converts the video data and supplies the 
converted video data to the liquid crystal display 3, wherein the video data includes red 
(R), green (G), and blue (B) video data. In addition, the graphic card 2 generates control 
signals that include a clock signal (DCLK) and horizontal and vertical synchronization 
signals (Hsync, Vsync) suitable for the resolution of the liquid crystal display 3. 
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[0005] The liquid crystal display 3 includes a liquid crystal display panel 10, a data driver 
6 for driving data lines (Dl to Dm) of the liquid crystal display panel 10, a gate driver 8 for 
driving gate lines (Gl to Gn) of the liquid crystal display panel 10, a timing controller 4 for 
controlling a drive timing of the data and the gate drivers 6 and 8, a power supply circuit 
14 generating a driving voltage necessary to drive the liquid crystal display 3, and a 
gamma circuit 12 supplying a gamma voltage to the data driver 6. 
[0006] The power supply circuit 14 generates driving voltages necessary for driving the 
liquid crystal display 3 (i.e., gate high voltage, gate low voltage, gamma reference voltage, 
and common voltage) using the voltage received from a system power supply (not shown) 
of the system driver 1. Accordingly, the power supply circuit 14 supplies the driving 
voltages to the timing controller 4, the data driver 6, the gate driver 8, and the gamma 
circuit 12. 

[0007] The liquid crystal display panel 10 is connected to a thin film transistor (TFT) 
formed at each intersection of an n-number of the gate lines (Gl to Gn) and an m-number 
of the data lines (Dl to Dm) and includes liquid crystal cells connected to the respective 
thin film transistor and arranged in a matrix pattern. The thin film transistor supplies video 
data from the data lines (Dl to Dm) to the liquid crystal cell in response to gate signals 
from the gate lines (Gl to Gn). Since the liquid crystal cell comprises a pixel electrode 
connected to a common electrode and a thin film transistor facing each other in which a 
liquid crystal is located thereto, the liquid crystal display is equivalently expressed as a 
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liquid crystal capacitor (Clc). The liquid crystal cell includes a storage capacitor (Cst) 
connected to a pre-staged gate line in order to maintain the data voltage charged to the 
liquid crystal capacitor (Clc) until the next data voltage is received. 
[0008] The gate driver 8 sequentially supplies the gate high voltage signal to the gate lines 
(Gl to GN) according to a gate start pulse signal (GSP) received from the timing controller 
4. Accordingly, the gate driver 8 includes a plurality of gate drive integrated circuits (not 
shown), commonly referred to as gate driving ICs, for separately and sequentially driving 
the gate lines (Gl to Gn). Each of the gate driving ICs include a shift register responding 
to the gate start pulse signal (GSP) and a gate shift clock signal (GSC) provided from the 
timing controller 4. In addition, the gate driving ICs sequentially generate a gate high 
voltage signal and include a level shifter for shifting voltages of the gate high voltage 
signal to suitable levels for driving the thin film transistor. When the gate start pulse signal 
(GSP) is supplied from the timing controller 4, the gate driving ICs respond to the gate 
shift clock signal (GSC) and sequentially supplies the gate high voltage signal having one 
horizontal period (1H) to the gate lines (Gl to Gn) by performing a shift operation. 
[0009] The data driver 6 converts the R, G, and B data signals from the timing controller 4 
into analog signals and supplies the video data of one horizontal line for each horizontal 
period in which the gate high voltage signal is supplied to the gate line (Gl to Gn) to the 
data lines (DL1 to DLm). Accordingly, the data driver 6 includes a shift register part 
supplying sequential sampling signals, a latch part providing signals at the same time as 
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sequentially latching the video data in response to the sampling signal, a digital-analog 
converter part converting the digital video data from latch part into analog video data, and 
an output buffer part providing signals as buffering the analog video data from the digital- 
analog converter part. Positive and negative gamma voltages are set in order to have 
voltage levels different from each other according to the voltage level of the video data 
from gamma circuit 12 in a digital-analog converter part of the data driver 6. As the 
positive and the negative gamma voltages are supplied to the video data, the video data 
adapts gamma characteristics that are selected by a polarity inversion signal (POL) from 
the timing controller 4 and is supplied to the data lines (Dl to Dm) in response to a source 
output enable signal (SOE). 

[0010] In order to drive the liquid crystal display panel 10, the timing controller 4 responds 
to a clock signal and horizontal and vertical synchronization signals (Hsync, Vsync) from 
the graphic card 2, and controls driving timing of the gate driver 8 and the data driver 6. 
For example, the timing controller 4 responds to the clock signal and the horizontal and the 
vertical synchronization signals (Hsync,Vsync), generates a gate clock signal, a gate 
control signal, and a gate start pulse, and supplies the signals to the gate driver 8. In 
addition, the timing controller 4 responds to an input clock signal and horizontal and 
vertical synchronization signals (Hsync, Vsync), and generates a data enable signal and 
supplies the signals to the data driver 6. Moreover, the timing controller 4 supplies the R, 
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G, and B video data from the graphic card 2 to the data driver 6 in synchronization with the 
polarity inversion signal and the data enable signal. 

[0011] During driving of the liquid crystal panel 10, since the thin film transistor (TFT) is 
turned ON by the gate high voltage (Vgh) supplied to the gate line (G), video voltage 
signals supplied to the data lines (DL1 to DLm) are charged to the liquid crystal capacitor 
(Clc). Subsequently, since the thin film transistor is turned OFF by the gate low voltage 
(Vgl) supplied to the gate line (G), the video voltage charged to the liquid crystal capacitor 
(Clc) is maintained until the next data voltage is supplied. Accordingly, when the gate 
high voltage (Vgh) and the gate low voltage (Vgl) are supplied to a pre-staged gate line 
(Gn-1), the storage capacitor (Cst) connected in parallel to the liquid crystal capacitor (Clc) 
is charged and maintains the charged voltage higher than voltage charged to the liquid 
crystal capacitor during a turned OFF period. Thus, fluctuations of the voltages charged to 
the liquid crystal capacitor (Clc) can be minimized. 

[0012] In order to drive the liquid crystal cells of the liquid crystal display panel, various 
inversion driving methods, such as frame inversion, line-column inversion, and dot 
inversion, are commonly used in the liquid crystal display device. During the frame 
inversion driving method, the polarity of the data signal supplied to the liquid crystal cells 
of the liquid crystal display panel is inverted whenever a frame is changed. During the 
line-column inversion method, the polarity of the data signal supplied to the liquid crystal 
cells is inverted according to the line (column) of the liquid crystal display panel. During 
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the dot inversion method, a data signal is supplied to each liquid crystal cell of the liquid 
crystal display panel, wherein the data signal has a polarity contrary to the data signal 
supplied to adjacent liquid crystal cells along vertical and horizontal directions. In 
addition, during the dot inversion method, the polarity of the data signals supplied to all the 
liquid crystal cells of the liquid crystal display panel are inverted for each frame. Among 
the various inversion driving methods, the dot inversion method provides excellent picture 
quality, as compared to the frame and line-column inversion methods. Driving of the 
frame and line-column inversion methods is carried out as the data driver 6 responds to the 
polarity inversion signal supplied to the data driver 6 from the timing controller 4. 
[0013] In general, liquid crystal display devices are commonly driven at a frame frequency 
of 60Hz. However, in devices, such as a notebook computer, requiring low power 
consumption, the frame frequency is lowered to 50~30Hz, thereby creating a flicker 
phenomenon during the dot inversion method. Accordingly, a 2-dot inversion method is 
used to drive the liquid crystal display panel. 

[0014] FIGs. 2A and 2B are diagrams showing 2-dot inversion polarity patterns applied to 
the liquid crystal display panel of FIG. 1 according to the related art. In FIGs. 2 A and 2B, 
the polarities of data signals are supplied to liquid crystal cells of the liquid crystal display 
panel using a two-dot inversion method having odd- and even-numbered frames. In the 
odd- and even-numbered frames, the polarity of the data signal is inverted by the liquid 
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crystal cell similar to the dot inversion system along a horizontal direction, but is inverted 
by the 2-dots along a vertical direction. 

[0015] FIGs. 3 A and 3B are diagrams showing additional 2-dot inversion polarity patterns 
applied to the liquid crystal display panel of FIG. 1 according to the related art. In FIGs. 
3A and 3B, the polarities of data signals are supplied to liquid crystal cells of the liquid 
crystal display panel using a 2-dot inversion method including odd-and even-numbered 
frames. In the odd- and even-numbered frames, the polarity of the data signal is inverted 
by the liquid crystal cell similar to the dot inversion system along a horizontal direction, 
but is inverted by 2-dots along a vertical direction except for a first horizontal line. 
[0016] FIG. 4 is a waveform diagram of polarity inversion signals applied to a data driver 
of the liquid crystal display panel of FIG. 1 according to the related art. In order to drive 
the liquid crystal display using the 2-dot inversion method, the timing controller 4 
generates the polarity inversion signal (POL) for the liquid crystal cell driven by the 2-dot 
inversion method using the vertical synchronization signal (Vsync) and the horizontal 
synchronization signal (Hsync) received from the graphic card 2. In addition, the timing 
controller 4 generates the data enable signal (DE) for supplying the data signal to the liquid 
crystal cell using of the vertical synchronization signal (Vsync) and the horizontal 
synchronization signal (Hsync) received from the graphic card 2. The data enable signal 
(DE) generated by the timing controller 4 is divided into a back porch period, which spans 
from the last point of time of the vertical synchronization signal (Vsync) to the starting 



l-WA/20 12945.1 



8 



point of time of the data enable signal (DE), and an effective data period when effective 
data is supplied during one vertical synchronization period. Accordingly, the back porch 
period is a period between a rising edge of the data signal at the first data line, after the 
vertical synchronization signal (Vsync) is over, among a blanking period in which 
effective data does not exist in one frame driven by the one vertical synchronization signal 
(Vsync). Furthermore, the polarity of the polarity inversion signal (POL) generated by the 
timing controller 4 is inverted by the two horizontal synchronization signals (Hsync) 
during the period of the vertical synchronization signal (Vsync). 
[0017] FIG. 5 is a circuit diagram of a polarity inversion signal generator for generating 
the polarity inversion signals of FIG. 4 according to the related art. In FIG. 5, the timing 
controller 4 includes a polarity inversion signal generator 30 having a first D flip-flop 
(DF1) supplying a first frequency division to the horizontal synchronization signal 
(Hsync), a second D flip-flop (DF2) supplying a second frequency division to an output 
from an inverted output terminal (BQ1) of the first D flip-flop (DF1), a reset circuit 32 for 
resetting frames of logic states of the first and the second D flip-flop (DF1, DF2), and a 
multiplexer for selecting an input signal supplied from a non-inversion output terminal 
(Q2) and an inverted output terminal (BQ2) of the second D flip-flop (DF2) to supply the 
selected input signal to the data driver. 

[0018] In FIG. 5, the first D flip-flop (DF1) receives the inverted horizontal 
synchronization signal (Hsync) as a clock signal to supply the first frequency division to 
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the received signal to provide the frequency-divided signal. The second D flip-flop (DF2) 
supplies the second frequency division to the input signal from the first D flip-flop (DF1) 
to provide the frequency-divided signal. For example, the second D flip-flop (DF2) 
supplies frequency-division twice to the horizontal synchronization signal (Hsync). 
[0019] FIG. 6 is a waveform diagram of polarity inversion signals applied to a data driver 
according to the related art. In FIG. 6, the first D flip-flop (DF1) synchronizes a signal, 
which is fed-back from its own inversion output terminal (BQ1) and is received at an input 
terminal (D), with the rising edge of the inverted horizontal synchronization signal (Hsync) 
to generate a first polarity inversion signal (POL1), thereby supplying the generated first 
polarity inversion signal (POL1) to the clock input terminal of the second D flip-flop 
(DF2) through the inversion output terminal (BQ1). Accordingly, the first polarity 
inversion signal (POL1) is inverted in polarity for each falling edge of the horizontal 
synchronization signal (Hsync). 

[0020] In FIG. 6, the second D flip-flop (DF2) synchronizes a signal, which is fed-back 
from its own inversion output terminal (BQ2) and is received at an input terminal (D), with 
the rising edge of the first polarity inversion signal (POL1) from the inversion output 
terminal (BQ1) of the first D flip-flop (DF1) to generate a second polarity inversion signal 
(POL2). Accordingly, the second polarity inversion signal (POL2) is inverted in polarity 
for each second period of the horizontal synchronization signal (Hsync). In addition, the 
second polarity inversion signal (POL2) generated at the second D flip-flop (DF2) is 
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supplied to a first input terminal of the multiplexer (MUX) through the non-inversion 
output terminal (Q2) and is supplied to a second input terminal of the multiplexer (MUS) 
through the inversion output terminal (BQ2). 

[0021] In FIG. 5, the reset circuit 32 includes a fourth D flip-flop (DF4) delaying the 
vertical synchronization signal (Vsync) received in response to the clock signal (CLK) by 
one clock period, a fifth D flip-flop (DF5) delaying the input signal from non-inversion 
output terminal of the fourth D flip-flop (DF4) by one clock period in response to the clock 
signal (CLK), an XOR gate 34 for Exclusive-OR-Logic operation between the input signal 
from non-inversion output terminal (Q5) of the fifth D flip-flop (DF5) and the vertical 
synchronization signal (Vsync), and a NAND gate for NAND-Logic operation between the 
output signal (Q6) from XOR gate 34 and the vertical synchronization signal (Vsync). The 
reset circuit 32 generates the reference to the horizontal synchronization signal (Hsync) in 
order to invert the vertical synchronization signal (Vsync) for each frame. In addition, the 
polarity inversion signal (POL2) of 2 dot inversion system is generated by the first and the 
second D flip-flops (DF1, DF2) including a reset signal (VSRB) for resetting the logic 
states of the first and the second D flip-flops (DF1, DF2) for each frame on the basis of the 
vertical synchronization signal (Vsync). 

[0022] The multiplexer MUX selects input signals provided to each of the first and the 
second input terminals from the inverted output terminal (BQ2) and the non-inverted 
output terminal (Q2) of the second D flip-flop (DF2), and supplies the selected signal to 
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the data driver 6 (in FIG. 1). Accordingly, the reset circuit 30 includes a third D flip-flop 
(DF3) that generates a selection signal (CS) inverted for each frame unit and is connected 
to a selection signal input terminal of the multiplexer MUX. The third D flip-flop (DF3) 
receives a feedback signal from its own inverted output terminal (BQ3) synchronized at a 
rising edge of the inverted vertical synchronization signal (Vsync), and generates and 
supplies the selection signal (CS) to the selection signal input terminal of the multiplexer 
MUX through a non-inverted output terminal (Q3). Since the selection signal is generated 
on the basis of the vertical synchronization signal (Vsync), the selection signal (CS) is 
inverted for each frame. Accordingly, the multiplexer MUX performs an inversion in 
response to the second polarity inversion signal (POL2) for each selection signal (CS) from 
the third D flip-flop (DF3) and supplies the inverted signal to the data driver 6. 
[0023] FIG. 7 is a schematic circuit diagram of a MUX part of a data driver according to 
the related art. In FIG. 7, the data driver 6 (in FIG. 1) supplies the polarity of the video 
data to the liquid crystal display panel 10 (in FIG. 1) using the 2-dot inversion method 
according to the polarity inversion signal (POL2) received from the timing controller 4 (in 
FIG. 1) using a plurality of multiplexers 52. Accordingly, each of the multiplexers 52 of 
the data driver 6 (in FIG. 1) includes first and second input terminals to which positive (+) 
and negative (-) data voltages are supplied from a digital-analog converter (not shown), a 
selection signal input terminal to which the polarity inversion signal (POL2) received from 
the timing controller 4 (in FIG. 1) is supplied, and an output terminal connected to the data 
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lines (DL1 to DLm) through a buffer (not shown). In FIG. 7, an inverter 54 is connected to 
the selection signal input terminal of even-numbered ones of the multiplexers 52 for 
inverting the polarity inversion signal (POL2) received from the timing controller 4 (in 
FIG. 1). 

[0024] Accordingly, the polarity of the video data supplied to the liquid crystal display 
panel 10 from the data driver 6 (in FIG. 1), as shown in FIGs. 2A, 2B, 3 A, and 3B, are 
converted to have the polarity using the 2-dot inversion method since a start point of time 
of the polarity inversion signal (POL2) differs according to the number of the horizontal 
synchronization signal (Hsync) received during the back porch period of the data enable 
signal (DE). 

[0025] When the number of the horizontal synchronization signal (Hsync) received to the 
back porch period of the data enable signal (DE) is even numbered, the polarity of the 
effective video data of the data enable signal (DE) is supplied to the liquid crystal display 
panel 10 using the 2-dot inversion method, as shown in FIGs. 2 A and 2B, according to the 
second polarity inversion signal (POL2) beginning from a point "A" of time of the second 
polarity inversion signal (POL2), as shown in FIG. 6. Furthermore, when the number of 
the horizontal synchronization signal (Hsync) received to the back porch period of the data 
enable signal (DE) is odd numbered, the polarity of the effective video data of the data 
enable signal (DE) is supplied to the liquid crystal display panel 10 using the 2-dot 
inversion method, as shown in FIGs.3A and 3B, according to the second polarity inversion 
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signal (P0L2) beginning from a point "B" of time of the second polarity inversion signal 
(POL2), as shown in FIG. 6. 

[0026] FIGs .8A and 8B are diagrams showing flicker inspection patterns of a 2-dot 
inversion system according to the related art. In FIG. 8A, during the 2-dot inversion 
driving method, a flicker inspection pattern (i.e., the first flicker inspection pattern) shows 
that the polarity of data supplied to the liquid crystal display panel is changed by a 1-dot 
unit along a horizontal direction and is changed by a 2-dot unit along a vertical direction 
and is supplied as a half-gray pattern to a green sub-pixel of the negative polarity (-), and a 
black pattern to red and blue sub-pixels. Accordingly, if the first flicker inspection pattern 
is displayed on the liquid crystal display panel driven using the 2-dot inversion method, the 
flicker can be adjusted since components of a A-frame frequency, i.e., frame frequency 
divided in half, appear due to the half-gray pattern of the negative polarity (-). 
[0027] In FIG. 8B, during the 2-dot inversion driving method, the flicker inspection 
pattern (i.e., the second flicker inspection pattern) shows that the polarity of data supplied 
to the liquid crystal display panel is changed by a 1-dot unit along a horizontal direction 
and is changed by a 2-dot unit along a vertical direction except for a first horizontal 
direction that supplies a half-gray pattern to a green sub-pixel of the negative polarity (-), 
and a black pattern to red and blue sub pixels. Accordingly, if the second flicker 
inspection pattern is displayed on the liquid crystal display panel driven using the 2-dot 
inversion method, the flicker can be adjusted since components of a 'A-frame frequency, 
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i.e., frame frequency divided in half, appear due to the half-gray pattern of the negative 
polarity (-). 

[0028] FIGs. 9A and 9B are diagrams showing flicker inspection patterns according to the 
related art. In FIG. 9A, inspection of a flicker adjustment for the liquid crystal display 
using the 2-dot inversion driving method includes adjusting the flicker by a first flicker 
inspection pattern (a) using the 2-dot inversion method (b), wherein the data polarity is 
changed by the 1-dot unit along the horizontal direction and is changed by the 2-dot unit 
along the vertical direction except for the first horizontal direction. Accordingly, a flicker 
inspection pattern (c) is produced, wherein the positive polarity (+) and the negative 
polarity (-) are offset from each other. Thus, flicker cannot be seen on the liquid crystal 
display panel due to the frame frequency component, and the flicker cannot be adjusted. 
[0029] In FIG. 9B, inspection of a flicker adjustment for the liquid crystal display using 
the 2-dot inversion driving method includes adjusting the flicker by a first flicker 
inspection pattern (a) using the 2-dot inversion method (b), wherein the data polarity is 
changed by the 1-dot unit along the horizontal direction and is changed by the 2-dot unit 
along the vertical direction except for the first horizontal direction. Accordingly, a flicker 
inspection pattern (c) is produced, wherein the positive polarity (+) and the negative 
polarity (-) are offset from each other. Thus, flicker cannot be seen on the liquid crystal 
display panel due to the frame frequency component, and the flicker cannot be adjusted. 
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[0030] Accordingly, with respect to the driving method of the liquid crystal display using 
the 2-dot inversion driving method, since the polarity inversion signal (POL2) supplied to 
the data driver 6 becomes different according to the number of the horizontal 
synchronization signal received to the back porch period of the data enable signal (DE), the 
data polarity of the 2-dot inversion method supplied to the liquid crystal display panel 10 
becomes different. 

SUMMARY OF THE INVENTION 
[0031] Accordingly, the present invention is directed to a method and an apparatus for 
driving a liquid crystal display device that substantially obviates one or more of the 
problems due to limitations and disadvantages of the related art. 
[0032] An object of the present invention to provide a driving method and a driving 
apparatus of a liquid crystal display device for generating a polarity inversion signal 
identical to a data polarity of a 2-dot inversion method supplied to a liquid crystal display 
panel irrespective of the number of horizontal synchronization signals supplied for a back 
porch period in the 2-dot inversion method. 

[0033] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the invention 
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will be realized and attained by the structure particularly pointed out in the written 
description and claims hereof as well as the appended drawings. 
[0034] To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described, a driving apparatus for a liquid 
crystal display device includes a liquid crystal display panel having a plurality of data lines 
and gate lines arranged in a matrix configuration, a data driver for supplying video data to 
the data lines, a gate driver for supplying gate pulses to the gate lines, and a timing 
controller for controlling polarity of the video data by supplying a polarity inversion signal 
to the data driver and controlling a timing of the data driver and the gate driver according 
to a number of horizontal synchronization signals supplied during a data blanking period, 
wherein a plurality of the polarity inversion signals are different from each other. 
[0035] In another aspect, a driving method of a liquid crystal display device comprising a 
liquid crystal display panel having a plurality of data lines and gate lines arranged in a 
matrix configuration, a data driver for supplying video data to the data lines, and a gate 
driver for supplying gate pulses to the gate lines, includes generating first and second 
polarity inversion signals different from each other according to a number of horizontal 
synchronization signals supplied during a data blanking period, and controlling a polarity 
of the video data by supplying the first and the second polarity inversion signals to the data 
driver. 
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[0036] It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0037] The accompanying drawings, which are included to provide a further understanding 
of the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description serve to explain the 
principles of the invention. In the drawings: 

[0038] FIG. 1 is a block schematic diagram of a liquid crystal display device according to 
the related art; 

[0039] FIGs. 2A and 2B are diagrams showing 2-dot inversion polarity patterns applied to 

the liquid crystal display panel of FIG. 1 according to the related art; 

[0040] FIGs. 3A and 3B are diagrams showing additional 2-dot inversion polarity patterns 

applied to the liquid crystal display panel of FIG. 1 according to the related art; 

[0041] FIG. 4 is a waveform diagram of polarity inversion signals applied to a data driver 

of the liquid crystal display panel of FIG. 1 according to the related art; 

[0042] FIG. 5 is a circuit diagram of a polarity inversion signal generator for generating 

the polarity inversion signals of FIG. 4 according to the related art; 
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[0043] FIG. 6 is a waveform diagram of polarity inversion signals applied to a data driver 
according to the related art; 

[0044] FIG. 7 is a schematic circuit diagram of a MUX part of a data driver according to 
the related art; 

[0045] FlGs. 8A and 8B are diagrams showing flicker inspection patterns of a 2-dot 
inversion system according to the related art; 

[0046] FlGs. 9A and 9B are diagrams showing flicker inspection patterns according to the 
related art; 

[0047] FIG. 10 is a block schematic diagram of an exemplary liquid crystal display device 
according to the present invention; 

[0048] FIG. 1 1 is an exemplary waveform diagram of polarity inversion signals applied to 
a data driver of the liquid crystal display device of FIG. 10 according to the present 
invention; 

[0049] FIG. 12 is a block schematic diagram of an exemplary driving apparatus of a liquid 
crystal display device according to the present invention; 

[0050] FIG. 13 is a schematic circuit diagram of an exemplary driving apparatus of a 
liquid crystal display device according to the present invention; 

[0051] FIG. 14 is a block schematic diagram of an exemplary data driver of the driving 
apparatus of FIG. 10 according to the present invention; 
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[0052] FIG. 15 is a schematic circuit diagram of an exemplary MUX portion of the data 
driver of FIG. 14 according to the present invention; 

[0053] FIGs. 16A and 16B are diagrams showing an exemplary 2-dot inversion signal 
patterns applied to the liquid crystal display device of FIG. 10 according to the present 
invention; 

[0054] FIGs. 17A and 17B are diagrams showing additional exemplary 2-dot inversion 
signal patterns applied to the liquid crystal display device of FIG. 10 according to the 
present invention; 

[0055] FIG. 1 8 is a diagram showing an exemplary flicker inspection pattern according to 
the present invention; and 

[0056] FIG. 19 is a diagram showing another exemplary flicker inspection pattern 
according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0057] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. 
[0058] FIG. 10 is a block schematic diagram of an exemplary liquid crystal display device 
according to the present invention. In FIG. 10, a liquid crystal display 33 may include a 
liquid crystal display panel 40, a data driver 36 for driving data lines (Dl to Dm) of the 
liquid crystal display panel 40, a gate driver 38 for driving gate lines (Gl to Gn) of the 
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liquid crystal display panel 40, a timing controller 34 for controlling driving timing of the 
data and the gate drivers 36 and 38, a power supply circuit 44 generating driving voltage 
(P) to drive the liquid crystal display 33, and a gamma circuit 42 supplying a gamma 
voltage to the data driver 36. In addition, the liquid crystal display 33 may be connected to 
a system driver 31 that may be mounted in a controller system, i.e., a computer system. 
[0059] The system driver 31 may include a graphic card 32 for supplying a video data 
adapted to the liquid crystal display 33, wherein the graphic card 32 may convert the video 
data supplied thereto and may provide the converted video data to the liquid crystal display 
33. The video data may include red (R), green (G), and blue (B) data signals. In addition, 
the graphic card 32 may generate control signals including a clock signal (DCLK) and 
horizontal and vertical synchronization signals (Hsync, Vsync). 

[0060] The power supply circuit 44 may generate driving voltages P for driving the liquid 
crystal display 33 (i.e., gate high voltage, gate low voltage, gamma reference voltage, and 
common voltage) received from the system driver 31 and may supply the driving voltages 
P to the timing controller 34, the data driver 36, the gate driver 38, and the gamma circuit 
42. 

[0061] The liquid crystal display panel 40 may include thin film transistors (TFTs) each 
formed at each intersection of an n-number of the gate lines (Gl to Gn) and an m-number 
of the data lines (Dl to Dm), and may include liquid crystal cells arranged in a matrix 
configuration. The thin film transistors may respond to gate signals from the gate lines 
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(Gl to Gn) and may supply video data from the data lines (Dl to Dm) to the liquid crystal 
cells. Since each of the liquid crystal cells may include a pixel electrode, which is 
connected to one of the TFTs, and a common electrode with a liquid crystal material 
provided therebetween, the liquid crystal display may be equivalently represented as a 
liquid crystal capacitor (Clc). Accordingly, the liquid crystal cell may include a storage 
capacitor (Cst) connected to a pre-staged gate line to maintain a data voltage charged to the 
liquid crystal capacitor (Clc) until a next data voltage is charged. 

[0062] The gate driver 38 may sequentially supply the gate high voltage signal to the gate 
lines (Gl to Gn) according to a gate start pulse (GSP) received from the timing controller 
34. Accordingly, the gate driver 38 may include a plurality of gate driving integrated 
circuits (not shown) for sequentially and separately driving the gate lines (Gl to Gn). Each 
of the gate driving integrated circuits may include a shift register that responds to a gate 
start pulse (GSP) and a gate shift clock (GSC) provided from timing controller 34 and 
generating a sequential gate high voltage signal and a level shifter for shifting the voltage 
of the gate high voltage signal to a level for driving the thin film transistor. If the gate start 
pulse (GSP) is supplied from the timing controller 34, the gate driving integrated circuits 
may respond to the gate shift clock (GSC) and may supply the gate high voltage signal of 
one horizontal period (1H) sequentially to the gate lines (Gl to Gn) by performing a shift 
operation. 
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[0063] The gamma circuit 42 may supply preset positive and negative gamma voltages to 
the video data to generate a voltage level different from each other according to the voltage 
level of the video data, thereby providing video data representing a gamma characteristic. 
[0064] The data driver 36 may convert the R, G, and B data signals received from the 
timing controller 34 into analog signals, and may supply the video data of one horizontal 
line for each horizontal period in which the gate high voltage signal is supplied to the gate 
line (Gl to Gn) to the data lines (DL1 to DLm). 

[0065] In order to drive the liquid crystal display panel 40, the timing controller 34 may 
respond to a clock signal and horizontal and vertical synchronization signals (Hsync, 
Vsync) received from the graphic card 32, and may control driving timing of the gate 
driver 38 and the data driver 36. For example, the timing controller 34 may respond to the 
clock signal and the horizontal and the vertical synchronization signals (Hsync, Vsync) to 
generate a gate clock signal, a gate control signal, and a gate start pulse, and may supply 
the signals to the gate driver 38. Furthermore, the timing controller 34 may respond to an 
input clock signal and horizontal and vertical synchronization signals (Hsync, Vsync) to 
generate and supply a data enable signal to the data driver 36. In addition, the timing 
controller 34 may supply the R, G, and B video data received from the graphic card 32 to 
the date driver 36 in synchronization with the polarity inversion signal and the data enable 
signal. 
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[0066] During driving of the liquid crystal panel 40, since the thin film transistors (TFTs) 
may be turned ON by the gate high voltage (Vgh) supplied to the gate line (G), video 
voltage signal supplied to data lines (DL1 to DLm) may be charged to the liquid crystal 
capacitor (Clc). Subsequently, since the thin film transistor may be turned OFF by the gate 
low voltage (Vgl) supplied to the gate line (G), the video voltage charged to the liquid 
crystal capacitor (Clc) may be maintained until a next data voltage is supplied. 
Accordingly, when the gate high voltage (Vgh) and the gate low voltage (Vgl) are supplied 
to the pre-staged gate line (Gn-1), the storage capacitor connected in parallel to the liquid 
crystal capacitor (Clc) may be charged to maintain a voltage higher than a voltage charged 
to the liquid crystal capacitor during a turn-OFF period. Thus, during the turn-OFF period 
of the thin film transistor (TFT), fluctuations of the voltages charged to the liquid crystal 
capacitor (Clc) may be minimized. 

[0067] FIG. 1 1 is an exemplary waveform diagram of polarity inversion signals applied to 
a data driver of the liquid crystal display device of FIG. 10 according to the present 
invention. In FIG. 11, during driving of the liquid crystal display using the 2-dot inversion 
method, the timing controller 34 may generate polarity inversion signals (POL1, POL2) to 
the liquid crystal cells using the vertical synchronization signal (Vsync) and the horizontal 
synchronization signal (Hsync) received from the graphic card 32. In addition, the data 
enable signal (DE) may be provided to supply the data signal to the liquid crystal cells 
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using the vertical synchronization signal (Vsync) and the horizontal synchronization signal 
(Hsync). 

[0068] The data enable signal (DE) generated by the timing controller 34 may be divided 
into a back porch period, which begins from a last point of time of the vertical 
synchronization signal (Vsync) to a starting point of time of the data enable signal (DE), 
and an effective data period where effective data is supplied during one vertical 
synchronization period. The back porch period is a period between a rising edge of the 
data signal at the first data line after the vertical synchronization signal (Vsync) is over, 
among a blanking period in which the effective data does not exist among one frame 
driven by the one vertical synchronization signal (Vsync). Furthermore, the polarity of the 
polarity inversion signals (POL1, POL2) generated by the timing controller 34 may be 
inverted by the two horizontal synchronization signal (Hsync) during the vertical 
synchronization signal (Vsync). 

[0069] The polarity inversion signal (POLS) may be supplied from the timing controller 
34 to the data driver 36, wherein odd- or even-numbered pulses of the horizontal 
synchronization signal (Hsync) supplied to the back porch period of the data enable signal 
(DE) may not be different during odd- or even-numbered time periods. 
[0070] During a first inversion of a 2-dot inversion method, the polarity of data supplied to 
the liquid crystal display panel 40 may be changed by a 1-dot unit along a horizontal 
direction and may be changed by a 2-dot unit along a vertical direction, wherein the 
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number of the horizontal synchronization signal (Hsync) may be supplied an even number 
of times during the back porch period of the data enable signal (DE), the data driver 36 
may supply the polarity of data according to the first polarity inversion signal (POL1) from 
a point "A" of time of the first polarity inversion signal (POL1) supplied from the timing 
controller 34. In addition, during an odd-number of times, the data driver 36 may supply 
the polarity of data according to the second polarity inversion signal (POL2) from a point 
"B" of time of the second polarity inversion signal (POL2) supplied from the timing 
controller 34. 

[0071] During a second inversion of a 2-dot inversion method, the polarity of data 
supplied to the liquid crystal display panel may be changed by a 1-dot unit along a 
horizontal direction and may be changed by a 2-dot unit along a vertical direction except 
for the first horizontal direction, when the number of the horizontal synchronization signal 
(Hsync) may be supplied an even number of times during the back porch period of the data 
enable signal (DE), the data driver 36 may supply the polarity of data according to a 
second polarity inversion signal (POL2) from a point "B" of time of the second polarity 
inversion signal (POL2) supplied from the timing controller 34. In addition, during an 
odd-number of times, the data driver 36 may supply the polarity of data according to the 
first polarity inversion signal (POL1) from the point "A" of time of the first polarity 
inversion signal (POL1) supplied from the timing controller 34. 
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[0072] FIG. 12 is a block schematic diagram of an exemplary driving apparatus of a liquid 
crystal display device according to the present invention, and FIG. 13 is a schematic 
circuit diagram of an exemplary driving apparatus of a liquid crystal display device 
according to the present invention. In FIGs. 12 and 13, the timing controller 34 may 
include a polarity signal generator 100 for generating a polarity signal (POLS), a first 
polarity inversion signal generator 102 for generating the first polarity inversion signal 
(POL1) using the polarity signal (POLS) and for performing non-inversion and inversion 
of the first polarity inversion signal (POL1), a first inversion signal selector 104 for 
providing non-inverting and inverting the first polarity inversion signal (POL1) received 
from the first polarity inversion signal generator 102 during a frame-by- frame sequence, a 
second polarity inversion signal generator 106 generating the second polarity inversion 
signal (POL2) using the polarity signal (POLS) and the first polarity inversion signal 
(POL1), a determining part 1 16 for determining whether the number of the horizontal 
synchronization signal (Hsync) is an odd- or even-numbered time period during a vertical 
back porch period, and a polarity inversion signal output part 108 for supplying to the data 
driver 36 one of the first polarity inversion signal (POL1) received from the first polarity 
inversion signal selector 104 and the second polarity inversion signal (POL2) received 
from the second polarity inversion signal generator 106 according to the selection signal 
received from the determining part 116. 
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[0073] Accordingly, the polarity signal generator 100 of the timing controller 34 may 
include a first D flip-flop for executing one frequency division of the horizontal 
synchronization signal (Hsync) received from the graphic card 32. Accordingly, the first D 
flip-flop 100a may receive an inverted horizontal synchronization signal (Hsync) as a clock 
signal, may execute one frequency division to produce the polarity signal (POLS), and may 
supply the polarity signal (POLS) to the first polarity inversion signal generator 104. 
[0074] The first polarity inversion signal generator 102 may include a second D flip-flop 
102afor executing one frequency division to produce the polarity signal (POLS) received 
from the polarity signal generator 100. Accordingly, the second D flip-flop 102a may 
receive the polarity signal (POLS) as a clock signal, may execute a one frequency division, 
and may supply polarity signal (POLS) to the first polarity inversion signal selector 104. 
[0075] During operation of the polarity signal generator 100 and the first polarity inversion 
signal generator 102, the first D flip-flop 100a receives feedback from its inverted output 
terminal (BQ1) at an input terminal (D) and is synchronized with a rising edge of the 
inverted horizontal synchronization signal (Hsync), and generates the polarity signal 
(POLS), as shown in FIG. 11, supplies the polarity signal (POLS) to a clock input terminal 
of the second D flip-flop 102a through the inverted output terminal (BQ1) and to the 
second polarity inversion signal generator 106. Accordingly, the polarity of the polarity 
signal (POLS) is inverted at every falling edge of the horizontal synchronization signal 
(Hsync). 
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[0076] In addition, during the operation of the polarity signal generator 100 and the first 
polarity inversion signal generator 102, the second D flip-flop 102a receives feedback from 
it inverted output terminal (BQ2) at an input terminal (D) synchronized with the rising 
edge of the polarity signal (POLS) from the inverted output terminal (BQ1) of the first D 
flip-flop 100a. In addition, the second D flip-flop 102a generates the first polarity 
inversion signal (POL1), as shown in FIG. 11, wherein the polarity of the first polarity 
inversion signal (POL1) is inverted every two period of the horizontal synchronization 
signal (Hsync). Accordingly, the first polarity inversion signal (POL1) generated in the 
second D flip-flop 100a is supplied to the first input terminal of the first polarity inversion 
signal selector 104 through the non-inverted output terminal (Q2), and is supplied to the 
second input terminal of the first inversion signal selector 104 through the inverted output 
terminal (BG2). 

[0077] The first polarity inversion signal selector 104 selects, in accordance with the 
selection signal from the first selection signal generator 1 10, any one of the non-inverted 
first polarity inversion signal (POL1) and the inverted first polarity signal (POL1) received 
respectively from the non-inversion output terminal (Q2) and the inversion output terminal 
(BG2) of the first polarity inversion signal generator 102. Accordingly, the first polarity 
inversion signal selector 104 may include a multiplexer having two inputs and one output. 
The multiplexer 104 may be connected to the first selection signal generator 110, i.e., a 
third D flip-flop 100a, that may generate a selection signal (CS) (not shown) inverted for 
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each frame. The third D flip-flop 1 10a may receive the feedback signal from its inverted 
output terminal (BQ3), synchronize the feedback signal with a rising edge of an inverted 
vertical synchronization signal (Vsync), and generate the selection signal (CS). 
Accordingly, the selection signal (CS) generated may be supplied to the input terminal of 
the first polarity inversion signal selector 104 through non-inverted output terminal (Q3). 
Since the selection signal (CS) is generated at a reference of the vertical synchronization 
signal (Vsync), the selection signal (CS) may be inverted on a frame-by-frame basis. Thus, 
the miltiplexer 104 may generate the first polarity inversion signal (POL1) due to the 
selection signal (CS) received from the third D flip-flop 1 10a inverted on a frame-by-frame 
basis, and supply the inverted signal to the second polarity inversion signal generator 106, 
and to the polarity inversion signal output part 108. 

[0078] A reset circuit 118 may be provided for resetting the first and the second D flip- 
flops 100a and 102a every one horizontal synchronization, and may be connected to the 
polarity signal generator 100 and the first polarity inversion signal generator 102. The 
reset circuit 118 may include a fourth D flip-flop (DF4) that may delay the vertical 
synchronization signal (Vsync) received by the clock signal (CLK) by one clock period, a 
fifth D flip-flop (DF5) that may delay the input signal from the non-inversion output 
terminal (Q4) of the fourth D flip-flop (DF4) by one clock period by the clock signal 
(CLK), an XOR gate 134 for performing an Exclusive-Or logic operation of the vertical 
synchronization and the input signal from non-inverted output terminal (Q5) of the fifth D 
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flip-flop (DF5), and a NAND gate 136 for performing a NAND logic operation of the 
vertical synchronization signal (Vsync) and the output signal (Q6) from the XOR gate 134. 
Accordingly, the reset circuit 118 may generate a reset signal (VSRB) for resetting, during 
each frame unit, a logic state of the first and the second D flip-flops 100a and 102a on a 
reference the vertical of synchronization signal (Vsync) for inverting by the vertical 
synchronization signal (Vsync), i.e. for each frame unit the second polarity inversion signal 
(POL2) generated by the first and the second D flip-flops 100a and 102a on a reference of 
the horizontal synchronization signal (Hsync). 

[0079] The second polarity inversion signal generator 106 may include an XOR gate for 
performing an Exclusive-OR logic operation of the first polarity inversion signal (POL1) 
received from the multiplexer 104 for each frame unit and the polarity signal (POLS) 
received the polarity signal generator 100. Accordingly, the second polarity inversion 
signal (POL2) generated by the Exclusive-OR logic operation of the XOR gate 134 may be 
supplied to the polarity signal output part 108, wherein the polarity signal output part 108 
responds to the control signal of the determining part 1 16 and selects any one of the first 
polarity inversion signal (POL1) and the second polarity inversion signal (POL2) and 
supplies the selected one to the data driver 36. 

[0080] The determining part 1 16 may include a horizontal synchronization signal counter 
part 1 12 for counting a number of the horizontal synchronization signals (Hsync) received 
during the back porch period of the data enable (DE), and a horizontal synchronization 
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signal number determining part 1 14 for determining whether the number of the horizontal 
synchronization signal (Hsync) received during the back porch period of the data enable 
(DE) in response to whether the number signal received from the horizontal 
synchronization signal counting part 1 12 is odd-numbered or even-numbered. 
[0081] The number determining part 1 14 may include a sixth D flip-flop (DF6) for 
providing a delay by one clock period at a rising edge point of the data enable signal (DE) 
receiving a direct voltage (VCC) supplied to the input terminal applied to its clock 
terminal, and a seventh D flip-flop (DF7) for providing to the polarity signal output part 
108 a delay by one clock period at a rising edge point of the input signal received from 
non-inverted output terminal (Q6) of the sixth D flip-flop (DF6). 

[0082] The sixth D flip-flop (DF6) may supply to the clock terminal of the seventh D flip- 
flop (DF7) through a non-inverted output terminal (Q6) the direct voltage (VCC) that has 
been delayed by one clock period, and may be reset by the frame unit by a reset signal 
(VSRB) received from the reset circuit 118. The seventh D flip-flop (DF7) may supply to 
the polarity inversion signal output part 108 through a non-inverted output terminal (Q7) 
the input signal from the counter part 112 that has been delayed by one clock period. 
[0083] The counter part 1 12 supplying the input signal supplied to the seventh D flip-flop 
(DF7) may include an eighth D flip-flop (DF8) that delays the direct voltage (VCC) by one 
clock period. In addition, the direct voltage (VCC) by the one clock period may be 
supplied to the input terminal at every rising edge of the horizontal synchronization signal 
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(Hsync) as being received the inverted horizontal synchronization signal (Hsync) to clock 
signal, wherein an XOR gate may perform an Exclusive-OR logic operation on the reset 
signal (VSRB) received from the reset circuit 118 and the input signal from non-inverted 
output terminal (Q8) of the eighth D flip-flop (DF8), and first and second counters 140 and 
142 may count a number of the input signals received from XOR gate 138. 
[0084] The eighth D flip-flop (DF8) may be reset for each frame by the reset signal 
(VSRB) received from the reset circuit 118, and may provide the inverted horizontal 
synchronization signal (Hsync) to the XOR gate 138 as a one frequency division signal. 
The XOR gate 138 performs the Exclusive-OR logic function on the input signal received 
from the reset signal (VSRB) and the sixth D flip-flop (DF6), and supplies the resultant 
output signal to the first counter 140. The XOR gate 138 supplies a counting start point of 
time to the first and the second counters 140 and 142 for counting the total number of 
horizontal synchronization signals (Hsync) supplied during the back porch period of the 
data enable signal (DE) by the frame unit. 

[0085] Accordingly, the first counter 140 may be supplied with the inverted horizontal 
synchronization signal (Hsync) as the clock signal (CLK) by an inverter (IVT), and may 
count the total number of the horizontal synchronization signals (Hsync). Accordingly, the 
first counter 140 may be a hexadecimal counter to count the total number of the horizontal 
synchronization signals (Hsync) loaded by the output signal from the XOR gate 138. The 
second counter 142 may be synchronized with a carry signal from the first counter 140, 
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may be supplied with the horizontal synchronization signal (Hsync) inverted by the 
inverter (IVT) as the clock signal (CLK), and may count the horizontal synchronization 
signals (Hsync). For example, the second counter 142 may count the pulse number of the 
horizontal synchronization signal (Hsync) up to 16 as being counted by the first counter 
140. Likewise, the first and the second counters 140 and 142 may be changed to a variety 
of integrated counters according to a maximum value of the number of the horizontal 
synchronization signals (Hsync) supplied during the back porch period of the data enable 
signal (DE). 

[0086] The horizontal synchronization signal (Hsync) counted by the second counter 142 
during the back porch period of the data enable signal (DE) may be supplied to the seventh 
D flip-flop (DF7) through the first output terminal (QA) among the output terminals of the 
second counter 142. Accordingly, the clock signal provided from the first output terminal 
(QA) among output terminals of the second counter 142 may be provided by a binary type. 
Accordingly, during a high logic state, the number of the horizontal synchronization 
signals (Hsync) supplied during the back porch period of the data enable signal (DE) may 
be an even-number of times. Similarly, during a low logic state, the number of the 
horizontal synchronization signals (Hsync) supplied during the back porch period of the 
data enable signal (DE) may be an odd-number of times. 

[0087] The polarity inversion signal output part 108 may respond to the control signal 
received from the determining part 1 16, select among the first and the second polarity 
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inversion signals (POL1) and (POL2), and supply the signal to the data driver 36. More 
specifically, when the control signal determines that the number of the horizontal 
synchronization signals (Hsync) supplied during the back porch period of the data enable 
signal (DE) from the determining part 1 16 to be an even-number of times, then the polarity 
inversion signal output part 108, as shown in FIG. 1 1, may select the first polarity 
inversion signal (POL1) among the first and the second polarity inversion signals (POL1) 
and (POL2) and supply the selected one to the data driver 36. When the selection signal 
determines that the number of the horizontal synchronization signals (Hsync) supplied 
during the back porch period of the data enable signal (DE) from the determining part 116 
to be an odd-number of times, then the polarity inversion signal output part 108, as shown 
in FIG. 1 1, may select the second polarity inversion signal (POL2) among the first and the 
second polarity inversion signals (POL1) and (POL2) and supply the selected one to the 
data driver 36. 

[0088] FIG. 14 is a block schematic diagram of an exemplary data driver of the driving 
apparatus of FIG. 10 according to the present invention. In FIG. 14, a data driver 36 may 
change the polarity of the video data according to the first and the second polarity 
inversion signals (POL1) and (POL2) received from the polarity inversion signal output 
part 108, and may supply them to the liquid crystal display panel 40. Accordingly, the data 
driver 36 may include a shift register part 144 for sequentially supplying a sampling signal, 
a line latch part 146 for simultaneously providing digital video data of red (R), green (G), 
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and blue (B) in response to the sampling signal, a digital-analog converter part (i.e., a DAC 
part) 160 for converting the R, G, and B digital video data received from the line latch part 
146 into a pixel voltage signal, and an output buffer part 156 for buffering the R, G, and B 
digital video data received from the DAC part 160. A plurality of the data drivers 36 may 
be provided to drive an N-number of data lines (DL). The N/6 number of shift registers 
included in the shift register part 144 may cause the source start pulse (SSP) received from 
the timing controller 34 (in FIG. 10) to be sequentially shifted according to the source 
sampling clock signal (SSC), and may provide a sampling signal. The line latch part 146 
may respond to the sampling signal received from the shift register part 144 and may 
sequentially latch the R, G, and B digital video data received from the timing controller 34 
(in FIG. 10). Accordingly, the latch part may include an N-number of latches in order to 
latch the N-number of the R, G, and B digital video data, and each of the latches may have 
a magnitude corresponding to a bit number (i.e„ 3-bit or 6-bit) of the R, G, and B digital 
video data. More specifically, the timing controller 34 may divide the R, G, and B digital 
video data into even-numbered data and odd-numbered data in order to decrease the 
transference frequency. 

[0089] The line latch part 146 may latch the even-numbered data and odd-numbered data 
supplied through the timing controller 34 during every sampling signal, i.e., 6 numbers of 
the pixel data. Subsequently, the line latch part 146 may respond to the source output 
enable signal (SOE) received from the timing controller 34, and may provide the N- 
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numbers of the latched video data. Accordingly, the line latch part 146 may respond to the 
data inversion selection signal, and may restore the video data that is modulated to reduce a 
transition bit number. Thus, in order to minimize electromagnetic interference (EMI) 
during data transmission, the video data where the transited bit number exceeds the 
reference value may be modulated so that the transition bit number may be reduced. 
[0090] The DAC part 160 may simultaneously provide the R, G, and B video data recevied 
from the line latch part 146 into positive and negative pixel voltage signals. Accordingly, 
the DAC part 160 may include a positive (P) decoding part 150 and a negative (N) 
decoding part 152 commonly connected to the line latch part 146, and a multiplexer part 
(MUX part) 154 for selectively outputting signal of the P decoding part 150 and the N 
decoding part 152. 

[0091] The N-number of the P decoders included in the P decoding part 150 may convert 
the N-number of the R, G, and B video data received at the same time from the line latch 
part 146 into positive pixel voltage signals in use of positive gamma voltage received from 
the gamma circuit 42. The N-number of the N decoders included in the N decoding part 
152 may convert the R, G, and B video data of n-numbers received at the same time from 
the line latch part 146 into negative pixel voltage signals in use of negative gamma voltage 
received from the gamma circuit 42. 

[0092] FIG. 15 is a schematic circuit diagram of an exemplary MUX portion of the data 
driver of FIG. 14 according to the present invention. In FIG. 15, the MUX part 154 may 
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respond to the polarity inversion signal (POL) received from the timing controller 34, and 
may selectively provide the positive pixel voltage signals received from the P decoding 
part 150 and the negative pixel voltage signals received from the N decoding part 152. 
More specifically, the MUX part 154 may supply the R, G, and B video data polarity 
according to the polarity inversion signal (POL) received from the timing controller 34 
using the 2-dot inversion method to drive the liquid crystal display panel 40. 
[0093] For this purpose, each of the multiplexers 162 of the MUX part may include first 
and second input terminals where the positive (+) data voltage and the negative (-) data 
voltage from each of the P decoding part 150 and N decoding part 152 are supplied, and a 
selection signal input terminal where the polarity inversion signal (POL) from the timing 
controller 34 may be supplied, and an output terminal connected to the output buffer part. 
Accordingly, the inverter 164 for inverting the polarity inversion signal (POL) from the 
timing controller 34 may be connected to the selection signal input terminal of the even- 
numbered multiplexers 162 among the multiplexers 162. 

[0094] FIGs. 16A and 16B are diagrams showing an exemplary 2-dot inversion signal 
patterns applied to the liquid crystal display device of FIG. 10 according to the present 
invention. In FIGs. 16A and 16B, the R, G, and B video data supplied to the liquid crystal 
display panel 40 received from the data driver 36 may have the polarity of the 2-dot 
inversion method. Since the polarity of the R, G, and B video data supplied to the liquid 
crystal display panel 40 from the data driver 36 is supplied to the MUX part 154 that is 
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selected one among the first and the second polarity inversion signals (POL1) and (POL2) 
by the polarity inversion signal output part 108 of the timing controller 34 according to the 
number of the horizontal synchronization signals (Hsync) received during the back porch 
period of the data enable signal (DE). 

[0095] On the other hand, when the number of the horizontal synchronization signals 
(Hsync) received during the back porch period of the data enable signal (DE) is an odd 
number of times, the timing controller 34 may generate the first polarity inversion signal 
(POL1) and supply it to the MUX part 154. Likewise, when the number of the horizontal 
synchronization signals (Hsync) received during the back porch period of the data enable 
signal (DE) is an even number of times, the timing controller 34 may generate the second 
polarity inversion signal (POL2) and supply it to the MUX part 154. 
[0096] FIGs. 17A and 17B are diagrams showing additional exemplary 2-dot inversion 
signal patterns applied to the liquid crystal display device of FIG. 10 according to the 
present invention. In FIGs. 17A and 17B, the 2-dot inversion driving method changes the 
polarity of the video data by a 2-dot along a vertical direction except for the first horizontal 
direction, and is changed by a 1-dot along a horizontal direction. 

[0097] FIG. 18 is a diagram showing an exemplary flicker inspection pattern according to 
the present invention. In FIG. 18, a flicker inspection pattern may be used in order to adjust 
the flicker generated during driving of the liquid crystal display using a 2-dot inversion 
method. When a liquid crystal display device is driven using a first inversion method, as 
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shown in FIGs. 16A and 16B, the flicker inspection pattern may be represented, as shown 
in FIG. 18. Accordingly, when the flicker inspection pattern is represented on the liquid 
crystal display panel 40 of the first inversion method, components are one-half of a frame 
frequency and appear due to a half-gray pattern of the negative polarity (-), and the flicker 
may be adjusted. More specifically, as shown in FIGs. 16A and 16B, when driving the 
liquid crystal display using a 2-dot inversion method, the flicker inspection pattern appears 
where the number of the horizontal synchronization signals (Hsync) supplied during the 
back porch period of the data enable signal (DE) is not different at odd- or even-numbered 
times or even times. Accordingly, the flicker may be adjusted on the liquid crystal display 
panel 40 due to half-gray pattern of the negative polarity (-). 
[0098] FIG. 19 is a diagram showing another exemplary flicker inspection pattern 
according to the present invention. When the liquid crystal display device is driven by the 
second inversion method, as shown in FIGs. 17A and 17B, the flicker inspection pattern 
may be represented as shown in FIG. 19. Accordingly, when the flicker inspection pattern 
is represented on the liquid crystal display panel 40 of the second inversion method, the 
flicker may be adjusted. More specifically, as shown in FIGs. 17A and 17B,when driving 
the liquid crystal display device using a 2-dot inversion method, the flicker inspection 
pattern appears where the number of the horizontal synchronization signals (Hsync) 
supplied during the back porch period of the data enable signal (DE) is not different at odd- 
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or even-numbered times. Accordingly, the flicker may be adjusted on the liquid crystal 
display panel 40, due to half-gray pattern of the negative polarity (-). 
[0099] According to the present invention, the polarity inversion signal identical to the 
video data polarity of a 2-dot inversion driving method may be provided to a data driver 
irrespective of the number of horizontal synchronization signals supplied during a back 
porch period of an data enable signal (DE) during odd- or even-numbers times. 
Accordingly, by using fixed flicker inspection patterns, the flicker generation on a liquid 
crystal display panel driven by the 2-dot inversion driving method may be adjusted. 
[0100] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the driving method and a liquid crystal display apparatus of the 
present invention without departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover the modifications and variations of this invention 
provided they come within the scope of the appended claims and their equivalents. 
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